Interneurons are critical components of the neocortical circuitry but the mechanisms that regulate their distribution in the neocortex are unclear. In this issue of Neuron, Harwell et al. (2015) and Mayer et al. (2015) use barcoded retroviruses to demonstrate widespread clonal dispersion of interneuron siblings in the brain.
The mammalian neocortex processes sensory information, controls motor behavior, and mediates cognitive functions. It is parceled into areas with specialized functions such as the somatosensory, auditory, and visual cortex (O'Leary and Sahara, 2008) . A common feature of all neocortical areas is the organization of cells into discrete cell layers (Dantzker and Callaway, 2000; Molyneaux et al., 2007) . It has been proposed that the multiple subtypes of excitatory and inhibitory neurons in the different cell layers are connected in stereotypic patterns to form fundamental computational units, referred to as radial columns (Hubel and Wiesel, 1963; Mountcastle, 1957) . Pasco Rakic originally proposed a developmental origin for these radial columns based on the finding that cortical neurons are generated from progenitor cells in germinal zones near the ventricle of the dorsal pallium from where they migrate radially to form the neocortical cell layers (Rakic, 1988) .
Since the inception of the radial unit hypothesis, it has become clear that excitatory neurons are generated in the dorsal pallium, while interneurons are instead born predominantly in the ventral pallium and migrate into the neocortex along complex routes (Anderson et al., 1997) ( Figure 1A ). In rodents, nearly all cortical interneurons are born in the medial ganglionic eminence (MGE), the caudal ganglionic eminence (CGE), the preoptic area (POA), and the septum anlage. Some of these germinal zones also produce interneurons for other telencephalic regions including the hippocampus, amygdala, striatum, and globus pallidus (BatistaBrito and Fishell, 2009; Gelman and Marín, 2010; Welagen and Anderson, 2011) . Although tremendous progress has been made in defining the mechanisms that regulate the generation and migration of cortical interneurons, many questions remain unanswered. For example, are different interneuron subtypes generated from the same progenitor? What mechanisms ensure that appropriate numbers of interneuron subtypes are integrated into circuits in functionally distinct areas such as the somatosensory and visual cortex? These are important questions since the overall organization, density, and identity of different neuronal subtypes varies between distinct cortical areas, thus likely leading to different computational capabilities.
Two studies in the current issue of Neuron shed new light on the mechanisms that govern the production of interneurons and their dispersion. These studies provide evidence that clonally related interneurons derived from a single progenitor can adopt different fates and can be dispersed to vastly different brain structures (Mayer et al., 2015; Harwell et al., 2015) . For lineage-tracing studies, the authors used ''barcoded'' retrovirus libraries, which were pioneered by Walsh and Cepko for linage-tracing studies in the brain (Walsh and Cepko, 1992) . Retroviruses are useful for lineage tracing because cell proliferation is required for the integration of the exogenous viral genome into the cellular genome. Postmitotic neurons only express virally encoded marker genes inherited from their proliferating progenitors. If viruses are injected at sufficient dilution into an embryo, only one or a few progenitor cells will be infected and their offspring can be traced by marker expression. Barcodes, unique sequence tags that are specific for each virus in a complex viral mixture, add a useful dimension to the strategy. Even if more than one progenitor cell is infected in an embryo, it is unlikely that two progenitors are infected by a virus with the same barcode, because of the size of the barcoded viral library (10^5 barcodes) and the dilution used for the injection. Thus, the true clonal identity of the offspring of the infected progenitors can be defined by molecular profiling. The two studies by Mayer et al. (2015) and Harwell et al. (2015) published in the current issue of Neuron have applied just this strategy to investigate the generation and dispersion of interneurons.
The results from the two studies are in good agreement and show that clonally related interneurons can be found in distinct cortical and subcortical areas separated by long distances ( Figure 1C ). Sibling neurons can populate such diverse areas as the cortex, hippocampus, and globus pallidus. However, there are limits to dispersion. MGE interneurons are restricted to the ipsilateral telencephalon and no sibling neurons are present both in the cortex and hypothalamus. Within the cortex, interneurons occasionally cluster, but this appears to be the exception to the rule that siblings tend to disperse over large distances. The findings are surprising because they differ from results obtained by two previous studies that used retroviral vectors to analyze the clonal dispersion of sibling interneurons (Brown et al., 2011; Ciceri et al., 2013) . The previous studies used retroviruses without barcodes, thus relying only on the expression of marker proteins encoded by the retrovirus genome. Using this strategy, Brown et al. (2011) reported that clonally related interneurons tend to cluster within the neocortex to form spatially organized ontogenetic clonal units ( Figure 1C) . The authors proposed a lineage-dependent functional organization of inhibitory interneurons. This model could nicely explain how the stereotypic spatial patterns of synaptic connections from inhibitory interneurons to excitatory neurons are established within radial units by matching excitatory with inhibitory clones. Ciceri et al. (2013) also identified clusters of retrovirus-marked interneurons in the neocortex but reported significant differences in their results relative to the study by Brown et al. (2011) . First, the authors observed that clusters frequently were confined to some of the layers of the neocortex without dispersion throughout the entire radial dimension of the cortex. Second, Ciceri et al. (2013) reported that neurons in a cluster could be derived from different progenitors, a finding that was confirmed by Harwell et al. (2015) . Ciceri et al. (2013) proposed that interneurons that are generated from different retrovirus-tagged progenitors at the same time might be exposed to similar environmental cues, thus ending up in similar positions. When clustering is observed, it is not necessarily a consequence of clonal relationship. Brown et al. (2011) might therefore have analyzed interneurons that were generated from more than one progenitor but could not distinguish them because the viruses were not barcoded. However, this cannot explain why Brown et al. (2011) found that sibling interneurons usually cluster and that their viruses labeled no interneurons outside the cortex and hippocampus. Harwell et al. (2015) and Ciceri et al. (2013) also report that clonally related sibling interneurons can adopt distinct fates as revealed by the differential expression of parvalbumin and somatostatin in sibling neurons. This provides evidence that some progenitors are multipotent. However, GABAergic interneurons can be classified into nearly 30 different subtypes (DeFelipe et al., 2013) and transplantation studies suggest that progenitors generated in different subdomains of the MGE tend to generate preferentially certain subtypes of cortical interneurons (Flames et al., 2007; Wonders et al., 2008) ; most of the interneurons that populate the globus pallidus are generated from progenitors in the ventral region of the MGE (Flandin et al., 2010) . In addition, various morphologically distinct types of progenitor cells have been observed in the MGE ( Figure 1B ). These findings suggest that interneuron progenitors might be a heterogeneous group of cells, possibly containing subtypes of progenitors with differences in their fate potentials. Perhaps the retrovirus used by Brown et al. (2011) preferentially infects a subtype of progenitor that generates a subset of cortical interneurons that predominantly populate the neocortex and tend to cluster. It should be noted that lineage tracing with retroviruses is a complex process. Differences in the molecular backbone of the viruses used by various investigators might affect the efficiency of viral integration into different progenitors or gene expression in mature interneurons. For example, differences in cell-cycle length in different progenitors might affect efficiency of genome integration or the presence of distinct transcriptional regulators might affect gene expression in mature neurons. In addition, retroviruses integrate into proliferating cells but only one of the two daughters of a replicating cell might inherit the virus after integration into the host genome. Furthermore, gene expression in retroviruses can be epigenetically silenced. Thus, retrovirus tracking based on the analysis of the expression of a marker protein such as GFP from the viral genome does not necessarily reveal all clonally related cells. In fact, to more comprehensively reconstitute retrovirustagged clones, Mayer et al. (2015) used barcodes to recover clonally related cells that had silenced the GFP transgene.
According to the two papers presented in the current issue of Neuron, the same Figure 1B) . Are the IPCs equipotent or do sibling IPCs generate different subtypes of interneurons? What are the cues that guide migration of clonally related interneurons to distinct brain areas? And how is it ensured that appropriate numbers of specific interneuron subtypes populate functionally and physically distinct cortical areas such as the somatosensory and visual cortex? One possible interpretation of the new data is that clonal lineage relationship might not matter all that much for the generation of interneurons and their integration into circuits. Perhaps widespread dispersion of interneurons, regardless of their clonal origin, is a necessary evolutionary adaptation to build cortical circuits. Excitatory neurons might build a fundamental framework of cortical structure, which would then be populated by interneurons. Local interactions, competition, and electric activity would ensure a precise matching of excitatory and inhibitory neurons. Recent studies suggest that in the cortex the laminar distribution of interneurons is regulated by cues produced by excitatory neurons (Lodato et al., 2011) . In addition it is known that around 40% of the cortical interneurons that are generated will die (Southwell et al., 2012) . Overproduction of interneurons could be a strategy to ensure that a sufficient number of interneurons reach all cortical areas and are then pruned to appropriate numbers by competition. The mechanisms regulating each phase of the development of cortical interneurons and their integration in cortical circuits are not well understood and there are many questions that remain unanswered about these ''shortaxon neurons'' described by Ramon y Cajal more than a century ago.
